###### Strengths and limitations of this study

-   Unlike previous studies that used health-related quality of life to study quitters and smokers, this study assessed differences among quitters, relapsed smokers and continuing smokers, with regard to health-related quality of care using the EuroQol-5D (EQ-5D).

-   This was a longitudinal study based on two telephone surveys conducted 6 months and 1 year after the completion of an outpatient smoking cessation programme. The generalised estimation equation method was used for repeated measures.

-   The fact that smokers in this study volunteered to quit smoking means that self-selection bias was inevitable. In addition, smoking status was self-reported, such that the validity of the responses cannot be guaranteed.

-   This study did not collect EQ-5D data at baseline (prior to quitting smoking), which made it impossible to control for differences between groups.

-   The response rate of this study was 64%, as this was the percentage of participants who were able to complete both follow-up surveys. Effects from the loss of participants are unknown.

Introduction {#s1}
============

The adverse effects of smoking and the beneficial effects of smoking cessation have been well established.[@R1] [@R2] The harmful effects of smoking on health are well known; however, the influence of smoking cessation on health-related quality of life (HRQOL) over time has yet to be fully elucidated. HRQOL is broadly defined through the examination of several components of day-to-day functioning and well-being, such as physical functioning; functioning in daily activities, such as work and social activities; and psychological distress and well-being.[@R3] A number of cross-sectional studies have focused on the differences in HRQOL among smokers, non-smokers and former smokers.[@R4] These studies have shown that smokers tend to have poorer physical and mental health, compared with non-smokers and former smokers, particularly with regard to depressive symptoms.

Previous longitudinal studies have focused on the relationship between smoking cessation and changes in HRQOL.[@R8] However, two of these studies were limited with regard to follow-up duration (\<6 months),[@R11] [@R14] while others targeted specific groups such as females[@R12] or university graduates,[@R13] and still others included small samples.[@R10] [@R11] [@R14] Hays *et al*[@R9] compared various forms of pharmacotherapy used to assist in the cessation of smoking and the influence of these pharmacotherapies on HRQOL. Only two studies have compared the changes in HRQOL that occur among smokers and quitters.[@R8] [@R12] Piper *et al*[@R8] used data obtained from smokers enrolled in a long-term smoking cessation trial and tracked changes in HRQOL over a period of 3 years. They found that, compared with smokers, quitters had improved global QOL and HRQOL at the end of the first and third years. Sarna *et al*[@R12] evaluated the impact of quitting smoking on changes in HRQOL over an 8-year period among women in two cohorts. Continuing smokers and those who had quit smoking both presented a significant decline in short-term Form-36 (SF-36) physical component scores over time and significant improvements in SF-36 mental component scores at 8 years.

Various hypotheses have been proposed to explain the relationship between smoking and mental health: (1) smoking and poor mental health may share common causes (genetic factors or environmental mechanisms); (2) among individuals with poor mental health, smoking may be a coping strategy used to regulate psychiatric symptoms; and (3) smoking worsens mental health.[@R15] Taylor *et al*[@R16] reviewed 26 longitudinal studies and found that smoking cessation is associated with reduced depression, anxiety and stress, as well as improved mood and quality of life, compared with individuals who continue smoking. However, little is known about the changes in HRQOL that occur in relapsed smokers, compared with quitters and smokers.

The Outpatient Smoking Cessation Service (OSCS) of Taiwan was launched in 2002 to provide counselling and pharmacotherapy for individuals attempting to quit smoking. Doctors received an additional stipend for the delivery of cessation counselling and medications were subsidised for participants. Smokers who participated in the programme received treatment over an 8-week period. Beginning in 2005, the government increased reimbursements and medication subsidies in order to promote participation; however, due to a budget shortage, funding was reduced in April 2006. Previous studies have explored the effects of the OSCS programme with regard to provider participation and patient utilisation,[@R17] the number of patients receiving counselling after the cutback in reimbursements,[@R18] abstinence rates[@R19] and cost-benefit analysis.[@R20] However, few researchers have compared the HRQOL among smokers, relapsed smokers and quitters, over a given duration. The aim of this study was to use EuroQol-5D (EQ-5D) as a means to assess differences in HRQOL among quitters, relapsed smokers and non-quitters who had participated in the OSCS in Taiwan.

Materials and methods {#s2}
=====================

This cohort study had a study population of smokers who participated in the OSCS programme between January and September 2007. Data related to individual cases were provided by hospitals or clinics in monthly reports to the Smoking Cessation Therapy Management Center of Health Promotion Administration. A total of 115 945 participants were enrolled in the OSCS between January and September 2007, approximately 14% of whom (2000 cases per month) were selected using systematic sampling for follow-up observation of their smoking status via telephone interviews. The OSCS programme was continuously open for enrolment, with new recruits joining each month throughout the study period. As a result, the telephone surveys were conducted on an ongoing basis. A total of 16 274 individuals participated in the OSCS programme was sampled for the survey. Excluding ineligible cases left 12 116 cases to be contacted. Among these cases, 5965 could not be contacted and 650 refused to be interviewed. A total of 5501 participants successfully completed the first interview. For more detailed information, refer to the previous study.[@R20]

The initial telephone survey of 5501 participants was conducted 6 months after the participants participated in the OSCS programme (between July 2007 and March 2008). A second telephone survey of 3514 participants from the first survey group was conducted 6 months after the first interview (between January 2008 and September 2008). This represents a response rate of 64%. Researchers attempted to contact each of the participants three times by telephone for follow-up. From the 5501 cases in the initial survey, 281 were deemed lost due to having an invalid phone number or had moved away; 1544 cases were not at home, did not answer the phone, or the line was busy; and 162 cases refused to participate in the interview. A total of 3514 participants completed both interviews. The first interview was used to collect information related to demographic characteristics, current smoking status and current EQ-5D. A second interview 6 months later was used to collect information related to smoking status and current EQ-5D (1 year postprogramme).

The smoking status of participants was self-reported and determined by having the participants answer the following question in both of the follow-up interviews: "In the last 6 months, how many days have you abstained from cigarette use? (1) Less than 1 day, (2) 1 to 6 days (less than one week), (3) 7--29 days (one week to less than a month), (4) 30--179 days (1 month to less than 6 months), (5) 180 days (6 months or more)." Respondents who reported having quit for 180 days were considered quitters, while the others were considered smokers. According to answers from the two phone interviews, we had four conditions: (1) cases in which both answers indicated 180 days of abstinence were classified as long-term quitters; (2) cases where both answers indicated smoking for 180 days were classified as continuing smokers; (3) cases where the first answer was abstinence for 180 days with a second answer of smoking were classified as relapsed smokers; and (4) cases where the first answer indicated continued smoking for 180 days with a second answer of having quit for at least 180 days were classified as short-term smokers. Thus, participants were divided into four groups according to their smoking status: (1) long-term quitters: participants who had quit tobacco use for 1 year; (2) short-term quitters: participants who had been smoking for 6 months and then quit tobacco for 6 months after participating in the programme; (3) relapsed smokers: participants who had relapsed into tobacco use after 6 months cessation; and (4) continuing smokers: participants who failed to quit smoking for at least 1 year, despite participating in the programme.

This study used a standardised instrument "EQ-5D" for the measurement of generic HRQOL, in order to obtain a simple descriptive profile based on five dimensions applicable to a wide range of health conditions and treatments.[@R21] The EQ-5D has been widely used in numerous countries in a variety of research fields.[@R22] The EQ-5D comprises five dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression as well as a visual analogue scale (VAS) for health status. The EQ-VAS records the respondent\'s self-rated health on a vertical, VAS where the end points are labelled '100' (best imaginable health state) and '0' (worst imaginable health state). We used an approved Chinese version of the EQ-5D-3L with three levels of severity for each dimension: *no health problems*, *slight health problems* and *extreme health problems*. If no problems were reported for a given dimension, it was marked as level 1, whereas extreme difficulty was marked as level 3. Because the EQ-5D is simple and short, it is ideal for telephone surveys.

The background characteristics of participants included sex, age, education, marital status, job status, monthly income and disease status at the first follow-up interview. The education of patients was categorised into three levels: junior high school or lower, senior high school and university/college or above. Marital status was classified as married, single and other (divorced, separated or widowed). Monthly income was separated into three levels: low (\<NT\$20 000/month), medium (NT\$20 001--NT\$49 999/month) and high (≥NT\$50 000/month). Disease status was determined by asking people about the diseases they have, such as cancers, cardiovascular diseases, heart or cerebrovascular disease, asthma, diabetes, chronic obstructive pulmonary disease, gastritis, nephritis and hepatitis. It should be noted that disease status did not include consideration of mental health condition.

Missing data imputation {#s2a}
-----------------------

A number of the covariates in the study were missing or unknown. In order to increase the number of samples, this study applied multiple regression imputation to fill in missing values related to monthly income, marital status and job status, which were missing in 1.6%, 0.65% and 0.51% of the cases, respectively. Imputation of monthly income was based on sex, education and job variables. Imputation of marital status was based on sex, age and education variables. Imputation of job status was based on sex, age and education variables.

Sensitivity analysis {#s2b}
--------------------

Considering the fact that 'continuing smokers' included smokers who quit for less than 1 day as well as those who quit for 1--179 days, this group cannot be considered homogenous. We therefore conducted sensitivity subanalysis to differentiate between smokers who quit for less than 1 day and those who quit for 1--179 days in order to provide a stricter reclassification of the smoking group. Thus, the newly defined groups were as follows: (1) cases where both answers indicated 180 days of abstinence were classified as long-term quitters (n=262); (2) cases where both answers indicated abstinence for less than 1 day were classified as continuing smokers (n=2271); (3) relapsed smokers: cases where the first answer was abstinence for 180 days and the second was abstinence for less than 1 day (n=26); and (4) short-term smokers: cases where the first answer was abstinence for less than 1 day and the second answer indicated abstinence for 180 days (n=96). The new classification system (as shown in [table 1](#BMJOPEN2014007249TB1){ref-type="table"}) resulted in a loss of 859 participants, which represents 24% of the cases in this study.

###### 

New classification of smoking groups for sensitivity analysis

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                               Number of days of abstinence from smoking during the first 6-month period               
  ---------------------------------------------------------------------------- --------------------------------------------------------------------------- ----------- ---------------------------
  Number of days of abstinence from smoking during the second 6-month period                                                                                           

   Did not quit at all (\<1 day)                                               **Continuing** **smokers(C)**\                                              ***X1***\   **Relapsed quitters(R)**\
                                                                               n=2271                                                                      n=164       n=26

   Quit 1--179 days                                                            ***X2***\                                                                   ***X3***\   ***X4***\
                                                                               n=269                                                                       n=120       n=19

   Quit completely (≥180 days)                                                 **Short-term quitters(S)**\                                                 ***X5***\   **Long-term quitter(L)**\
                                                                               n=96                                                                        n=287       n=262
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Analysis {#s2c}
--------

The χ^2^ test and multinomial logistic regression were used to compare the proportions of demographic characteristics among the four groups. We dichotomised the EQ-5D levels into *no problems* (ie, level 1 as Y=0) and *problems* (ie, levels 2 and 3 as Y=1) due to the small number of responses citing level 3. Based on the distribution of the dependent variables, logistic regression was used for binary outcome variables and normal regression was used for VAS with the generalised estimation equation (GEE) method used for repeated measures. All statistical analysis was performed using SAS V.9.2 (SAS Institute, Cary, North Carolina, USA) with a p value \<0.05 considered significant.

Results {#s3}
=======

Following 6 months of participation in OSCS, a telephone survey of 5501 participants was conducted as a follow-up to the programme. Six months later, 3514 participants completed a second telephone interview, which represents a response rate of 64%. Significant differences (p\<0.05) in age, marital status and monthly income, were observed among the smokers who completed both interviews and those who did not participate in the second follow-up. Smokers who did not participate in the follow-up were slightly younger (age\<30: 19.07% vs 13.52%), a greater number were single (24.97% vs 20.51%) and a greater number earned a medium monthly income (38.31% vs 34.73%), compared with those who completed both interviews.

A total of 307 participants reported 180 days of abstinence in the first interview, which represents a 6-month quit rate of 5.58%. Among those quitters, 262 cases reported 180 days of abstinence in the second interview, such that the 12-month quit rate was 4.76%. With regard to smoking status: 262 participants were identified as long-term quitters, 383 as short-term quitters, 45 as relapsed smokers and 2824 as continuing smokers.

As is shown in [table 2](#BMJOPEN2014007249TB2){ref-type="table"}, the four groups differed with regard to gender, age, marital status, job status and monthly income. However, a majority of the participants were male, 30--44 years old, had a high school education or above, were married, were currently employed, earned an above average monthly income and were free from disease.

###### 

Demographic characteristics (N=3514)

                              Long-term quitters   Short-term quitters   Relapsed smokers   Smokers
  --------------------------- -------------------- --------------------- ------------------ ----------
  Sex\*                       Per cent             Per cent              Per cent           Per cent
   Male                       87.79                79.90                 84.44              85.73
   Female                     12.21                20.10                 15.56              14.27
  Age‡                                                                                      
   \<30                       8.78                 13.05                 8.89               14.09
   30--44                     37.79                31.07                 17.78              38.49
   45--59                     28.63                29.24                 44.44              30.95
   ≥60                        24.81                26.63                 28.89              16.47
  Education                                                                                 
   Below junior school        34.10                34.46                 40.00              34.64
   High school                35.63                33.94                 31.11              37.41
   University/college above   30.27                31.59                 28.89              27.95
  Marital status‡                                                                           
   Single                     11.45                16.45                 15.56              21.82
   Married                    81.68                74.67                 73.33              68.79
   Separated, widowed         6.87                 8.88                  11.11              9.39
  Employed‡                                                                                 
   Yes                        63.98                62.14                 60.00              74.42
   No                         36.02                37.86                 40.00              25.58
  Monthly income(NT\$)†                                                                     
   Low (≤20 000)              29.01                34.73                 46.67              28.61
   Medium (20 001--49 999)    31.68                35.77                 24.44              35.98
   High (≥50 000)             39.31                29.50                 28.89              35.41
  Any disease at baseline                                                                   
   Yes                        31.30                36.81                 40.00              33.55
   No                         68.70                63.19                 60.00              66.45

Using χ^2^ test for four groups, \*p\<0.05; †p\<0.01; ‡p\<0.001.

Multinomial logistic regression was used to test for differences among the four groups with regard to sex, age, marital status, employment status and income status, using continuing smokers as a reference group. Compared with continuing smokers, males were significantly less likely to be the short-term quitters (OR=0.66, 95% CI=0.50 to 0.87). Individuals above the age of 60 were significantly more likely to be short-term quitters or long-term quitters (short-term quitters OR=1.75, 95% CI=1.21 to 2.51; long-term quitters OR=2.42, 95% CI=1.48 to 3.96). Married individuals were significantly more likely to be short-term quitters or long-term quitters (short-term quitters OR=1.44, 95% CI=1.08 to 1.92; long-term quitters OR=2.26, 95% CI=1.53 to 3.35). Individuals with a job were significantly less likely to be relapsed smokers, short-term quitters or long-term quitters (relapsed smokers OR=0.52, 95% CI=0.28 to 0.94; short-term quitters OR=0.56, 95% CI=0.45 to 0.71; long-term quitters OR=0.61, 95% CI=0.47 to 0.80). Individuals with a medium monthly income were significantly less likely to be relapsed smokers (relapsed smokers OR=0.42, 95% CI=0.20 to 0.87); however, individuals with high monthly income were significantly less likely to be short-term quitters (short-term quitters OR=0.69, 95% CI=0.53 to 0.90).

[Table 3](#BMJOPEN2014007249TB3){ref-type="table"} presents the EQ-5D among the four groups after participating in OSCS for 6 months and 1 year. Level 1 refers to situations involving *no problems*, level 2 refers to *slight problems* and level 3 refers to *extreme problems*. Very few of the four groups reported extreme health problems related to mobility, self-care, usual activities, or pain and anxiety, after participating in OSCS for 6 months and 1 year. However, approximately 30% of the participants reported slight health problems related to pain and anxiety. Finally, the mean VAS among the four groups was approximately 70.

###### 

Comparison of EQ-5D among the four groups after participating in OSCS for 6 months and 1 year

                           Long-term quitters   Short-term quitters   Relapsed smokers   Smokers                           
  ------------------------ -------------------- --------------------- ------------------ --------- ------- ------- ------- -------
  Mobility (%)                                                                                                             
   Level 1                 96.18                94.27                 95.29              94.78     93.33   95.56   95.57   95.01
   Level 2                 3.82                 5.73                  4.45               5.22      6.67    4.44    4.36    4.85
   Level 3                 0.00                 0.00                  0.26               0.00      0.00    0.00    0.07    0.14
  Self-care (%)                                                                                                            
   Level 1                 98.09                98.47                 98.96              98.96     97.78   97.78   99.19   99.15
   Level 2                 1.53                 1.15                  0.52               1.04      2.22    2.22    0.71    0.74
   Level 3                 0.38                 0.38                  0.52               0.00      0.00    0.00    0.11    0.11
  Usual activities (%)                                                                                                     
   Level 1                 94.66                94.64                 95.04              96.34     88.89   91.11   94.58   95.04
   Level 2                 3.82                 4.60                  4.70               3.14      11.11   8.89    4.89    4.25
   Level 3                 1.53                 0.77                  0.26               0.52      0.00    0.00    0.53    0.71
  Pain/discomfort (%)                                                                                                      
   Level 1                 75.95                73.28                 79.00              74.41     71.11   73.33   71.33   69.59
   Level 2                 22.52                25.95                 19.16              23.76     28.89   24.44   25.94   28.50
   Level 3                 1.53                 0.76                  1.84               1.83      0.00    2.22    2.73    1.92
  Anxiety/depression (%)                                                                                                   
   Level 1                 76.25                72.41                 71.54              72.51     66.67   64.44   63.20   63.52
   Level 2                 22.22                25.29                 26.11              26.18     28.89   28.89   32.54   32.65
   Level 3                 1.53                 2.30                  2.35               1.31      4.44    6.67    4.26    3.83
  VAS (mean)               79.20                75.87                 76.38              75.85     76.98   71.49   69.37   70.26

Level 1=no problems, level 2=slight problems, level 3=extreme problems.

OSCS, Outpatient Smoking Cessation Service; VAS, visual analogue scale.

[Table 4](#BMJOPEN2014007249TB4){ref-type="table"} presents the GEE results for EQ-5D among the four groups. After controlling for confounders, short-term quitters appeared to have fewer problems with regard to usual activities and pain/discomfort, compared with continuing smokers. In addition, long-term quitters and short-term quitters reported fewer problems related to anxiety/depression. Moreover, long-term quitters, short-term quitters and relapsed smokers had VAS scores higher than those of continuing smokers.

###### 

Generalised estimation equation results for EQ-5D among the four groups

                              EQ-5D†                                                           
  --------------------------- ------------ ------------ ------------ ------------ ------------ -------------
  Intercept                                                                                    64.02\*\*\*
  Smoking status                                                                               
   (Smokers)                  1.00         1.00         1.00         1.00         1.00         --
   Relapsed smokers           0.78         2.02         1.39         0.72         0.83         5.41\*\*
   Short-term quitters        0.83         1.02         0.63\*       0.62\*\*\*   0.65\*\*\*   6.73\*\*\*
   Long-term quitters         0.92         2.01         0.95         0.79         0.61\*\*\*   7.16\*\*\*
  Time                                                                                         
   After 1 year               1.16         1.00         0.89         1.12\*       1.00         0.27
   (6 months)                 1.00         1.00         1.00         1.00         1.00         --
  Gender                                                                                       
   Male                       1.22         0.84         1.21         0.78\*\*     0.83\*       2.04\*\*
   (Female)                   1.00         1.00         1.00         1.00         1.00         --
  Age                                                                                          
   (\<30)                     1.00         1.00         1.00         1.00         1.00         --
   30--44                     1.58         1.07         4.02\*\*\*   1.44\*\*     1.23         0.74
   45--59                     2.16\*       0.78         3.80\*\*     1.53\*\*     1.18         1.01
   ≥60                        2.98\*\*     0.98         4.50\*\*\*   1.63\*\*     0.81         2.40\*
  Education                                                                                    
   (Under junior)             1.00         1.00         1.00         1.00         1.00         --
   High school                0.74         0.53         0.70\*       0.81\*       1.09         2.11\*\*\*
   University/college above   0.50\*       0.55         0.61\*       0.72\*\*\*   1.02         3.65\*\*\*
  Marital status                                                                               
   (Married)                  1.00         1.00         1.00         1.00         1.00         --
   Single                     1.40         0.37         1.22         1.04         0.98         −1.42\*
   Separated/widowed          1.50\*       2.11\*       1.45\*       1.40\*\*     1.28\*       −0.67
  Currently employed                                                                           
   Yes                        0.60\*\*     0.60         0.57\*\*\*   0.87         0.96         1.91\*\*
   (No)                       1.00         1.00         1.00         1.00         1.00         --
  Monthly income                                                                               
   (Low)                      1.00         1.00         1.00         1.00         1.00         --
   Medium                     0.50\*\*\*   0.59         0.39\*\*\*   0.73\*\*\*   0.66\*\*\*   1.87\*\*
   High                       0.27\*\*\*   0.56         0.23\*\*\*   0.65\*\*\*   0.60\*\*\*   3.39\*\*\*
  Any disease at baseline                                                                      
   Yes                        3.19\*\*\*   3.23\*\*\*   3.63\*\*\*   3.01\*\*\*   1.81\*\*\*   −6.27\*\*\*
   (No)                       1.00         1.00         1.00         1.00         1.00         --

\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001.

†The level of each dimension of EQ-5D was dichotomised into no problems (ie, level 1 as Y=0) and problems (ie, levels 2 and 3 as Y=1) and each was analysed using the binary logistic generalised estimation equation.

‡VAS had an intercept.

VAS, visual analogue scale.

Among the smoking status groups, no significant differences were observed with regard to mobility or self-care. Relapsed smokers reported fewer problems related to mobility, pain/discomfort and anxiety/depression; however, those results were not significant.

Male participants reported less pain/discomfort and anxiety/depression than their female counterparts (OR=0.78, 0.83, respectively). Older individuals reported a greater number of problems related to mobility, usual activities and pain/discomfort (OR=2.16--2.98, 3.80--4.50, 1.44--1.63, respectively). Individuals with a higher education reported fewer problems related to mobility, usual activities and pain/discomfort (OR=0.50, 0.61--0.70, 0.72--0.81, respectively). Separated/widowed individuals reported a greater number of problems related to mobility, self-care, usual activities, pain/discomfort and anxiety/depression (OR=1.50, 2.11, 1.45, 1.40, 1.28, respectively). Employed individuals reported fewer problems related to mobility and usual activities (OR=0.60, 0.57, respectively). Individuals with medium or high monthly incomes reported fewer problems related to mobility (OR=0.50, 0.27, respectively), usual activities (OR=0.39, 0.23, respectively), pain/discomfort (OR=0.73, 0.65, respectively) and anxiety/depression (OR=0.66, 0.60, respectively). Individuals who noted a disease at baseline reported a greater number of problems related to mobility, self-care, usual activities, pain/discomfort and anxiety/depression (OR=3.19, 3.23, 3.63, 3.01, 1.81, respectively).

Males reported higher VAS scores than did their female counterparts (B=2.04, p\<0.001) and individuals older than 60 years reported higher VAS scores compared with those below 30 years of age (B=2.40, p\<0.05). Individuals with a higher education reported higher VAS scores (B=2.11--3.65, p\<0.001). Single individuals reported lower VAS scores than did married people (B=−1.42, p\<0.05). Employed individuals reported higher VAS scores than did the unemployed (B=1.91, p\<0.01). Individuals with a higher monthly income reported higher VAS scores (B=1.87--3.39, p\<0.01). Individuals with disease reported lower VAS scores than did those who were free from disease (B=−6.27, p\<0.001).

Sensitivity analysis results {#s3a}
----------------------------

The new classification of GEE results for EQ-5D among the four groups was shown in [table 5](#BMJOPEN2014007249TB5){ref-type="table"}. After controlling for confounders, short-term quitters appeared to have fewer problems with regard to pain/discomfort, compared with continuing smokers. After controlling for confounders, long-term quitters and short-term quitters reported fewer problems related to anxiety/depression. After controlling for confounders, long-term quitters and short-term quitters had VAS scores higher than those of continuing smokers. We found the results were similar to our original results in [table 4](#BMJOPEN2014007249TB4){ref-type="table"}.

###### 

New classifications of generalised estimation equation results for EQ-5D among the four groups

                              EQ-5D†                                                         
  --------------------------- ------------ ---------- ------------ ------------ ------------ -------------
  Intercept                                                                                  61.93\*\*\*
  Smoking status                                                                             
   (Smokers)                  1.00         1.00       1.00         1.00         1.00         --
   Relapsed smokers           0.76         3.42       1.54         0.99         0.87         3.49
   Short-term quitters        1.09         1.04       0.78         0.53\*\*     0.62\*\*     3.86\*\*
   Long-term quitters         1.02         2.69\*     1.00         0.79         0.60\*\*\*   7.78\*\*\*
  Time                                                                                       
   After 1 year               1.12         1.10       0.89         1.14\*       1.00         0.41
   (6 months)                 1.00         1.00       1.00         1.00         1.00         --
  Gender                                                                                     
   Male                       1.16         0.91       1.13         0.70\*\*     0.81\*       2.45\*\*
   (Female)                   1.00         1.00       1.00         1.00         1.00         --
  Age                                                                                        
   (\<30)                     1.00         1.00       1.00         1.00         1.00         --
   30--44                     1.31         0.59       2.85\*\*     1.52\*\*     1.17         1.44
   45--59                     2.01         0.47       2.79\*       1.57\*\*     1.13         2.03\*
   ≥60                        2.31         0.32       3.33\*\*     1.67\*\*     0.78         4.44\*\*\*
  Education                                                                                  
   (Under junior)             1.00         1.00       1.00         1.00         1.00         --
   High school                0.77         0.49       0.70         0.84         1.08         2.87\*\*\*
   University/college above   0.58\*       0.77       0.68         0.69\*\*\*   0.99         3.50\*\*\*
  Marital status                                                                             
   (Married)                  1.00         1.00       1.00         1.00         1.00         --
   Single                     1.36         0.13       1.12         1.09         0.98         −0.59
   Separated/widowed          1.74\*\*     3.00\*\*   1.61\*       1.55\*\*\*   1.31\*       −0.98
  Currently employed                                                                         
   Yes                        0.65\*       0.62       0.68\*       0.92         1.03         1.91\*
   (No)                       1.00         1.00       1.00         1.00         1.00         --
  Monthly income                                                                             
   (Low)                      1.00         1.00       1.00         1.00         1.00         --
   Medium                     0.48\*\*\*   0.39       0.35\*\*\*   0.79\*       0.64\*\*\*   1.52
   High                       0.23\*\*\*   0.34       0.21\*\*\*   0.68\*\*     0.62\*\*\*   3.12\*\*\*
  Any disease at baseline                                                                    
   Yes                        3.11\*\*\*   2.58\*     3.52\*\*\*   3.06\*\*\*   1.85\*\*\*   −6.51\*\*\*
   (No)                       1.00         1.00       1.00         1.00         1.00         --

\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001.

†Each level of each dimension of EQ-5D was dichotomised into no problems (ie, level 1 as Y=0) and problems (ie, levels 2 and 3 as Y=1) and each was analysed using the binary logistic generalised estimation equation.

‡VAS had an intercept.

VAS, visual analogue scale.

Discussion {#s4}
==========

This study provides evidence that quitting smoking can benefit one\'s subjective assessment of anxiety or depression. In this study, this effect is particularly evident among individuals who quit for extended periods (\>12 months) as well as those who quit for short durations (6 months), following participation in OSCS for 1 year. Our results revealed that quitting smoking, whether for a short or long period of time, had a significant effect on reducing anxiety or depression.

This is the first study to use EQ-5D to explore the relationship between smoking status and changes in HRQOL. We found long-term and short-term quitters both had fewer problems related to anxiety or depression. Our findings are similar to those obtained in previous longitudinal studies; however, we used different instruments, therefore, we cannot make a direct comparison with their results. In a review of previous studies, Taylor *et al*[@R16] discovered that smoking cessation is associated with reduced depression, anxiety and stress, and improved mood and quality of life, compared with individuals who continue smoking. Using the SF-36, Guiterrez-Bedmar *et al*[@R13] found that continuing smokers had worse scores than did non-smokers with regard to general health and mental health, whereas recent quitters showed improvements in mental health over those who continued smoking and those who took up smoking. Using the SF-36, Sarna *et al*[@R12] found that continuing smokers as well as quitters showed significant improvements in mental component scores at 8 years. Sales *et al*[@R10] also used the SF-36, and found that summary scores of mental and physical components were higher among quitters than among non-quitters after ceasing smoking for 12 months.

Our results show that those who quit smoking for 6 months were less likely to have problems related to usual activities, pain or discomfort, or anxiety or depression, than smokers. These results are similar to those obtained in previous cross-sectional studies.[@R4] Mody and Smith[@R4] found that current smokers were more likely to report poor mental health status and limitations in their usual activities, compared with non-smokers and ex-smokers. McClave *et al*[@R5] found that former smokers and never-smokers were less likely to report depressive symptoms than were non-quitters. Mulder *et al*[@R6] obtained lower summary scores for the mental component among current smokers compared with never-smokers and ex-smokers.

In this study, long-term quitters, short-term quitters and relapsed smokers presented EQ-VAS scores higher than those of continuing smokers. These findings are similar to those in previous studies using different HRQOL instruments, such as the SF-36, which includes eight dimensions. The discussion related to general health in the SF-36 is similar to our study; therefore, we opted to limit the comparison to this. Guiterrez-Bedmar *et al*[@R13] reported that continuing smokers had worse scores than recent quitters with regard to general health. Sarna *et al*[@R12] found that continuing smokers as well as quitters present a significant decline in general health scores, whereas continuing smokers presented a decline in a wider range of scores than did quitters at 8 years. Sales *et al*[@R10] found that the general health component scores were higher among quitters than among non-quitters after ceasing smoking for 12 months.

In contrast, our results show that smoking cessation had no significant effect on EQ-5D with regard to mobility or self-care. Our results differ from those obtained in previous studies,[@R10] [@R12] where quitters had higher SF-36 scores for the physical component than did smokers. These findings can be explained by differences in the smoking cessation programmes and the background characteristics of participants. The participants in this study participated in a free smoking cessation service in which counselling and pharmacotherapy were provided. In the study by Sarna *et al*,[@R12] participants were registered nurses and were undecided as to whether they had been affected by smoking cessation programmes over an 8-year period. In the study by Sales *et al*,[@R10] the cohort included only 60 patients, who were self-referred to a smoking cessation programme at a public hospital.

In this study, the 6-month quit rate was 5.58% and the 12-month quit rate was 4.76%. Naranjo *et al*[@R23] reported smoking cessation rates of 14.4% and 15.7% at 6 and 12 months, respectively, among patients with arthritis in a rheumatology clinic. Our results could not be compared directly with previous studies due to fundamental differences in the design of the smoking cessation programme and study population. Chang *et al*[@R17] reported on smoking cessation outpatient services with quit rates of 25.2% and 21.3% in a 6-month follow-up in 2004 and 2005, respectively, in Taiwan. These differences could be explained by the fact that the quit rate was not strictly defined; that is, quitting for either 7  days or 6  months were both included in the quit rate.

VAS scores represent a subjective self-evaluation of one\'s health, and individuals over the age of 60 reported higher VAS scores than did those below the age of 30. Whynes[@R24] examined the correspondence between EQ-VAS scores and EQ-5D health states, and found that VAS scores are influenced by EQ-5D health state classification; the participant\'s perceived locus of control; and by his/her age, educational attainment, ethnic origin and smoking behaviour. Whynes[@R25] also examined how the relationship between health state classification and VAS score varied with medical condition. They found that a given change between two EQ-5D-defined health states could produce different changes in VAS scores for different medical conditions and interventions. The difference between EQ-VAS scores and EQ-5D health status may be due to other factors, such as disease status or sociodemographic factors.

This study faced a number of limitations. First, smoking status was self-reported; therefore, validity cannot be guaranteed. Second, we were unable to collect EQ-5D data at baseline (before quitting smoking), which made it impossible to control for differences between groups; however, we attempted to control for confounders and obtained two measurements, at 6 months and 1 year after participation in OSCS. Third, due to a lack of funding, we were able to follow participants for only 1 year, which may be too short-term to observe differences in the quality of life among smokers, quitters and relapsed smokers. In the future, researchers should conduct a long-term cohort study to obtain information related to the quality of life among smokers, quitters and relapsed smokers. Fourth, the smokers in this study volunteered to quit smoking; therefore, self-selection bias was inevitable. Finally, only 64% of the 5501 participants successfully completed both follow-up surveys, and the effect from a loss of participants is unknown.

Our findings provide evidence to support the claims that all quitters, regardless of whether they stop smoking for 6 months or 1 year, have better quality of life with regard to mental health. These findings are important for governmental organisations such as the Health Promotion Administration. These findings provide additional evidence to encourage smokers to quit smoking. Future researchers could extend the follow-up to better understand the long-term effects of smoking cessation on quality of life.

The authors would like to thank Ying-Fu Liao and Ming-Ta Liu at the Outpatient Smoking Cessation Management Center for their assistance in data collection.

**Contributors:** P-CC contributed to the study design, statistical analysis, interpretation and writing of the manuscript. RN-CK contributed to the interpretation and writing of the manuscript. Y-CL contributed through coordination of the study, interpretation and writing of the manuscript, and acting as corresponding author. S-TT and C-KL contributed to data acquisition and interpretation as well as the writing of the manuscript. All authors have read and approved the content of the manuscript.

**Funding:** This study was supported by the Health Promotion Administration, Ministry of Health and Welfare, Taiwan (No. 95039-1).

**Competing interests:** None declared.

**Provenance and peer review:** Not commissioned; externally peer reviewed.

**Data sharing statement:** No additional data are available.
